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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

.- - ADVANCE RESTRIOTED REPORT . - .. .

CHARTS FOR THE MINIMUM-WEIGHT DESIGN OF 2l 5-T7 ALUMINUX-ATLOY
FLAT COMPRESSION PANELS WITH LOKGITUDINAL
Z-SECTION STIFFENERS
By Evan H, Schuette

SUMMARY

Design charts are developed for 243-T almminum-
allcy flat camnression panelsa wlth longitudlnal Z-section
stiffeners., These cliarts mare roszlble the ceslgn of
the lightest penels of this trpe Ior a wide runge of
deslign requiremsnts. IZramples of s use of ths charts
are glven and it 1s po'nted ovt on the basis of these
examples that, over a wide ruange of cdeslgn conditions,
the maintenance of buckle~free suwrfuces cdoea not conflict
wilith tne scalevement of righ structurel efflcilency. The
achlevenent of tne maximum nosslible structural efficilency
with 2/13-T aluminum-alloy nanels, Lowsver, requires closer
stiffener spacings than those nos In coumon use.

INTRECDUCT ION

In a longltudinally stlffene:l comniession penecl,
in which all the materlal 1s actlve in carrying load,
the requirement of minimm welgnt is tantamount to that
of carrying the load at the highest po3sible average
stress, The average stress develoned b7y such & panel
under the leoadling conditions inzosed iIs thus a direct
measure of the structural efficisncy of the psnel, If
longltudinally stiffened couprsssion paiels are to be
deslgnad for high atructural effliclercy without a large
number of cut-and-try camputations, 1t ls desirable that
desaign charts be prepared to indicate e gveruge stress
attalnable wnder various lcadirg:coniitions, The pre-
paration of such charts requiires thet a sultable design
parameter Iin which the impcrtant lcading conditions sare
Incorporated be found.
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It has been found that a sultable parameter for
longlitudlnally astiffened compression pasnels in the design
of wh%ch the transverse stlffness can be neglected

is where P4 18 the compreasive load per inch

1
14

L/Ve
of panel width, L 1s the panel length, or dlstance
between supporting ribs, and ¢ 1s the coefflclent of
end fixity at the ribs. The quantity Pj, which is
essentlally independent of the dlstributlion of materlal
in the compressilon panel, can be estimated for a wing
panel from the bending moment on the wing and the thick-
ness and chord of the wing. The length I may be fixed
by the presence of such installations as fuel tanks or
armament or may be arbltrarlly assigned for the purpose
of arriving at a trial design.

In reference 2 buck%ing stresses were plotted

agalnst the parameter —;;;, with slightly different

: L/\e
notation, to form the basls of a theoretical study of the
efficlencles of varlous types of stiffenlng elements. In
the present paper ths same parameter has been used as a
basis for the preparation of deslign charts from extensive
teat data on S-T aluminum~alloy flat compression panels
with longltudinal Z-sectlion stlffeners; the data were
obtained from reference 1 and from additlonal tests com-
pleted since publicatlion of reference 1. These charts
meke posslble the cholce of the lightest panels of this
type to conform to a wilide range of design conditions,
An appendix 1s presented in which the procedure followed
in preparing the charts fro% test data 1s described and

the method for obtaining

a8 a natural parameter
against which the average stress may be plotted to obtaln
g direct measure of structural efficlency 1s developed.

SYMBOLS AND DEFINITIONS

The symbols used for the principal panel cross-
sectional dimensions are indicated 1n figure 1. In
addition, the followling symbols are used:
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Aq cross~-sectional area per inch of panel width, or
equ_valent thiclmess of pa.nel inches

L length of panel inchea Tt

Py compressive loesd per inch of pesnel width, kips per
inch

E, modulus of elasticlty in compression, ksi

c coefficlent of end fixity as used in Euler column
formula

k coefficient in formula for local-bucklling stress

p radius of gyration of panel cross sectlon, lnches

T nondinmer.sional coefflclent that takes into account

reduction 1n effective modulus of elastlclty
when panel falls as a column beyond the elastic

range
Oap critizal stress, or stress for local buckling, ksl
Ec average stress at column fallure, ksi

Omex  average stress at local failure, ksl
of average stress at fallure for any panel, ksl

The average stress at which any particular
panel falls, Of, may be a local=-fallure stress, a

column~-failure stress, or the stress for a type of
fallure Iintermediate to these two. Fallure by twisting
of the stiffeners is included es a form of local fallure.
Because the design charts are based on actual test data,
it is not necessary to make any dlstinctlon between local
end twisting falilure. Such a distinction, moreover,
would be at best an arbltrary one, as the two types of
failure are Iinterrelated ln the case of stiffened panels,

It should be noted that the local-fallure stress G

maex>s
which represants the maeximum value of averags stress
that cen be achleved in a glven cross sectlion as the-
panel length 13 reduced, 1s an average stress at fallure
end is not to be confused wlth the stress for lcca
buckling o,p, 'which does not necessarily imply fallure.
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The term "local buckling" as used herein includes both
buckling of the skin and buckling of the stiffeners,
because nelther of these elements can buckle without
exerting moments cn, ard thus causing deformation of,
the other element.

DESIGN CHARTS

Design charts for 243-7 almminum-alloy flat com-
pression panels with longitudingl Z-sectlion stiffeners
are presented in flgures 2 to 5. The procedurs used in
the preparation of these charts from test date 1s
described in the appenéix., Values of Ai1/tg, necessary
for arrlving at a final design, are sgiven in tables 1 to 3
for a wilde range of dimenslon retlos.

In order to show the meximum stressss attalnable Ly
the uss of panels of the tyres to which the charts avply,
envelopes are indicated by the dashed lines for eech
value of the ratio bg/tg in figures 2 to 5. These

envelopes have been combined (fig. 6) to give the over-all
envelopes for che four values of the ratio ty/tg. The

values of bg/tg and by/ty needad in order that a

panel will develop the stress indlcated by an envelope
are also given in figure €.
Py

LAk’
1s plotted in figures 2 to 6, ccuprises the princinal
deslgn coriditlions: the compressive load per inch of
panel wldth; the length of panel, or cdistance between
supnorting ribs; and ths cocefficlent of end fixity. The
most efficlent (lightest) panel for a given combination
of trese conditions 1s that panel vhlch wlll develop

the h%ghest average streas for the purticular valus
ﬁ

or et

L/\Ve

Discusalon of charts.- The charts include a wide
range of panel proportions. All the cherts have been

The deslign parameter agalnst which stress

bo
drawn for a value of s; = 0.,l4; 1%t 1s shown in the

appendix (figs. 17 to 26), however, that curves

b
for 5% = C.3 and 0.5 vould be in close agreemsnt
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b

wlith -the curves for 3& = 0,l. The curves of figures 2

- to 5 may therefore ba applied wlith reaascnable accuracy
for any value of bp/by betwesan 0.3 and 0.5. The
avallahle test data seem to indlcate, morsover, that the
most effliclent use of material wlll be realized if a
proportion in thls range 13 selacted. (Sse appendix.)

The short horizontal lines that intersect the curves
of flgures 2 to 5 indlcate, for eech pasnel cross sectlon
having appreclavle local buckling, the stress at which
thls buckling occurs. In this report this stress 1is
taken &8 thuat at which the compressive strain on one side
of the skin cr the stiffener web begins to be reduced
with Increasing load. Thils definltlon of buckling 1s
convenlent for structuwral testing; from the standpoint
of aerodynamic sriocthness, apprsclable buckling prebably
tekes place at stressos somevhat lowcr than those Indl-
cated on the chiarts. It will be notod thut for some of
the lower valuea cf bg/tz and by/ty no buckling stress
i1s shown. Tr. these cases, there will undoubtedly be some
buckling but presumably 1t wlll occur at a strsss colne- -
cldent wlth or orly very slightly below the fallure siress.

It 1s pointed out that for %g = 0.79 and 1.00

(figs. L. anc¢ 5), the curves for valuss cf E% = 25 and 30
have vDeen uvbtalunel entirely by extravolatlion. These
curves should trerefore be used with s certaln degree of
caution. A few check tests mado since the rreparatlon cof
tlie charts, rowever, indlcate that the curves will 1In no
case be more than 6 nercenl unconservative. In all the
other curves, it 1s belleved that any unconservatlsm

that mey be present is of rmuch sualler maguitude.

Discusylon of tests and test panels.- In order that
the deslgn charts may be properly useu, 1t 1s necessary
to know somethlng of the test panels and the test results
on wnich the design charts are based. Ths details of
these tests are describted 1n reference 1l; some of the
pertinent Information regarding the tests follows:

The test panels consisted of six stiffeners und filve
bays. The panelsa were tested flat-ended and without edge
support. A fixity coeffilclent of 3,75 was used in
reducing the test data for applicction to an effectilive
pin-snded length. The average coupresslva yleld strength
for the material of which the teat panels were constructed
was about ) ksi; ths minimum yield sirength, about
41 ksi; and the maximum ylsld strengtn, about L5.5 kai.
The riveta were cowntersunit snd.were drivsn by the
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NACA method of Ilnserting a flat-head rlvet from the stif-
fensr side of the hole, upsetting the rivet shank into

the comutersunk cevilty, and miiling cff the protrirding
pcrticn of the ur#stc shank. The rivets were ALTO-T (ATl 2AD)
ané were of the slzes and spacings Indicated by tha following
tabls:

ty Rivet spacing Rivet diamater
tg ts ts
0.51 10.0 .50

.63 12.3 1.8,

79 12.3 1.93
1.00 11.7 1.95

Because che compressive strength of stiffened panols may
be affected hy the slzs =nd spacing cf the rivets used
to attach stiffensrs to skin {reference 3), the rivet
attachment must be equlvalent to that Indicated by the
fovregolng tavle In order to be sure of realizing the
strengths indlcated by the deslgn charts.

USE OF DESIGN CHARTS AND EXAMPLES

If sheet materlal could be obtalned In any desired
thickness and 1if no speclal limitatlons were put on the
deslign, 1t would be sufficlent merely to find those pro-
portions that would give the hlighsst stress for the

T
XL

given valus of 7~ DBecause certaln limitatlons are
LAk

usvally imposed, ﬁowever, the structure that represents
the best comnromnise of oll the requirements must be chosen.

The usual gages in which alumlnwa-alloy sheet 1s
manufactured ars such that i1f the four ratios of ty/ts
in figres 2 to 6 are asrplied consecutively to a par-
ticular skin gage, the four stlffener gcges that rssult
wlll generally be consecutlve stancard gages. Interpo-
latlon between the curves of two consecutive charts
(figs. 2 and 3, 3 and l, etc) is therefors unnscessary
for most practical purposes,

The partlculsr procedure to be used 1in obtalning a
deslgn from the charts will depend on the nature of the
resulte desired. Three possible methods are dlscussed,
and exsmples are glven of deslgns obtalned for a glven
load Intensity and three different lengths by each of
the methods.
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The distingulshing features of each method are:

-..-..Ide.é_J' .,d‘gsim.

The methiod for obtaining the 1deal design glves the
lightest panel that could be obhtained if the cdesigner
were not restrlcted to the use of standard sheet gages.
The design 1s obtalned by use of the over-all enwveliopes
of figure 6 only. :

Short method

The short design method provides, wilthout lengthy
computation, a near approach to the llzhtest panel that
can be obtained by nase of standard sheet gages. The
deslgn 1s obtalned by use of the enveloves for glven
values of bg/tg that apoear as dashed lines In
figures 2 to 5,

Maximun efflclency

The method of designing for maximum structural
efficlency gives the lishtest panel that can be obtalnad
by uwse of standard sheet gages. The design 1s obtained
through a comnlete study cof *he lndividual s0lid curves
in figures 2 to 5. The method 1s somewhat lengthy;
examples have been worked out by its use, however, to
serve a3 & check on the short method, so that that msthod
can be used with confldence.

Eacl: of the three methods 1s glven as a aerles of
steps for reachling the Iinel desligzns. In the method
for obtalning the ideal deslgn, tho detailesd computations
for the four values of ty/tg included in figure 6 are

given for L = 10, 20, and 30 inches with Py = 3,0 kips

per Iinch and ¢ = 1. In the other two methods, the
detai%?d computations are given only for L = 20 Inches

v
and ;E = 0.79, eagain with P4 = 5.0 kips per inch and

¢ = 1; Zinel results are glven, however, for tls complete
set of exemples consldered In the dlscussion of thw flrst
method, It 1s assumed 1n all cases that a skin tnlckness
of 0.06l; inch is necessary in order to comply with other
design requirements. A value of bp/by of 0. is used
throughout. In arriving at the final desligns, no valuves
of the dimension ratios outside of the .ranges covéered by
the charts are glven consideratlon,
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Meothod for obtaln the 1deel de__%§ This method
conslsts of plcking fIkure mum proportions
end the stress and comvuting from these the actual panel
dimensions.

The values and camputed quantitlies for the condi-
tions previously mentioned are glven in tavle : and ave
roferenced to the steps in the lollowing procedure:

Py

L/

(2) From the curves of flgure 6 pick off for each
velus of ty/tg the values of bs/% by/ty, end Op

(1) Compute

Py
corresponding to the wvalue of .
ponTE LAG
(3) Pick from table 2 the values of Ay/tg for
) b

the ratlos Geterminad in step 2. (If E% = 0.3 or 0.5
is used, taktle 1 or table 75, respectively, should be
used instead of table 2.)

(ly) Compute
Pi

tg =
or ¥-
This formulas 1s based on the equallty
Py = 0piy
(5) Ccmpute

Thls procedure results In four designs for each
leangth, corrssponding to the fcur values of ty/tg, for
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the given conditions. (See %able ,.) The values marked
with footnote a in table . renresent those chovsen as

" approaching most closely the desired condition of

tg = 0.06l inch; these values therefore give an indica-

tion of the prorortions needed in a practical deslign to
meet the deslgn requirements most efficlently.

The resulting designs are shown as the idesal designs
at the tops of filgures T7 to 9, along with bar graphs of
the average streas at faillure end the buckling stress,
The buckling stress for each design was obtalned by
Interpolation from the short horlzontal llnes for buckling
in flgures 2 to 5. In scme cases In which fallure 1s by
column action, thoe buckling stress shown by figures 2
to 5 willl be graater than the fallure stress for the
deslgns obtalned. Whenever thls difference occurred in
the present sxamples, the buckling stress is shown equal
to the fallure stress.

Short metrod for obtalning a practical deslign.-
Tho short method consIsts ol plecxing the optimum value
of by/ty and the corresronding stress for each value

of bg/tg from the individual envelopss of figures 2
to 5 and computing from these values the actual panel

dimensions., Pansl Gesigns that employ standard sheet
gages are then selected from the varlous deslgns obtalned.

The values and computed quentitles for L = 20 I1nches
and EL = 0,79 are given 1n table 5 and are referenced
S

to the steps in thePfollowing procedure :

(1) Compute

ARG

(2) Prom the curves for s particular value
- T A tw - S, -
of ty/tg (in this example, fig. i rfor 3 = 0.79 1s
used) plck off for each value of bg/tg the values
of bw/ty (by Interpolation along the dashed envelops)

and Oy (from the envelope) corresponding to the value
Py

L/Ve

(3) Pick from table 2 the values of Ay/tg for
the ratios determined in step 2.

of

»
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(44) Compute

ts'—'

(5) Plot by/ty, t3, and o against bg/tq
for the particular value of ty/tg. (The plot for the

example belng considered is shown in fig. 10.) Tabulate
the velues of bg/tg, by /ty, and Gp corresponding to

the point wheré tg equals the specifled valus.

(6) Check computations by plcking from table 2 the
value of A3/tg correspording to the ratios tabulated

in step 5. I all computations and plots are correct,

- A1

(7) Compute

twy = — tg

by = g, tw

(8) Repeat steps 2 to 7 for other values of ty/tg.

Like that for the 1deal deslgn, thls procedure
results, for each length considered, in one design for each
value of ty/tg. It may not always be possible to find

satlefactory designs under the conditions imposed for
all values of ty/tS. (lNote ithat no designs are given in

figs. 8 and 9 for Eﬂ = 0.51.) All the designs resulting
S

from the use of the short method utlillize standard sheet
gages end meet the requirement that tg = 0.06L inch.

The cholce of design now depends on arriving at a sultable
compromise between high stress and wide stiffener spacing.
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If the preovention cf buckling under load 1s considered
important, then the buckling stress must also be taken
into accovni in making s choice.

The designs obtalned by carrying out the foregoing
procednre for the several values of L and ty/tg -are

shown as the short-msthod desligns in figures T to ¢
alecng with bar grephs of the average stress at fallure
and the buslkling stress,

Hothod of designing for maximum structural efficlency.-
The maximum-efflclency metaod consists of comput.ng the
thickness required as bg/tg 1is varied for each value

of by/ty and selecting the designs for which the skin

gage 1ls equal to that deslired. ' ™he procedure results in
a series of possible designs for each valus of tw/%s,

from which those deslignsthat provide the highest average
stre3as at fallure can be selected.

ghe values and corputed quantities for I = 20 inches
and fﬁ = 0.79 are given in taole 6 and are refererced

to ths steps In the following procedure:
Py

(1) Compute T

(2) ¥rom the curwves for atparticular value of ty/tg
(in this example, fig. L for %g = 0.79 1s used) plck
off for each value of by/ty and bs/%sP the value

of G¢ corresponding to the valus of

i
L/\e
(3) Pick from table 2 the values of A4/tg corre-
sponding to the ratlos used in step 2.

(i) Compute
Py

-
35

tg

(5) Plot ty; end Gp agalnst bg/tg for each
valus of by/ty and tg/tg. Plot the particular value

VA e m e e e — = e —— - e —

e L T pe——
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of by/ty at the value of bg/ty for which tg equals -

the speclfled value and mark the value of stress at that
valus of bg/tg. The plots of this step for the example
undsr consideration are glven in figure 11 gs the short
lines for the sewveral values of %by/tw indicated. 1In

ordsr toc avold unnecessary confusion,bpnly short portions

of the curwves, except the curve for EE = 20, are shown.
W

(6) After step 5 has bYeen completed for all the
values of bw/%w, draw curves of stress and of by/ty
against bs/fs torough the points determined in step 5
(heavy curves in fig. 11).

(7) Each of the curves drawn in step 6 represents
a serles of desizns, all of which have thw requlred
value of tg (in this case, 0.06L in.). The maximum

point orn tae curve of Ef indlcates the design ror

reximum structural efficleancy for the particulaer value
of ty/tg. Note this maximum value of 0p, the value

of bz/tg at which 1t 13 reached, and the velun
of by/ty, waich can be picked Ircm the curve of by/ty
agalast bg/tg.
(8) Check zomputations by pilcking from table 2
the velue of Ai/ts corrasponding to the ratlos selscted

for maximum structural efflclency in step 7. I ell
computations and plots egre corrsct,

. — A1
Pi:cfEtS

(9) Compute

S

cf
il
|5
ot
[

o ot
i 0

v
2
I
| 'l

b'u'i = t A

ck
=

(10) Repeat steps 2 to 9 for cther values of t,/tg.
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Thls procedure results, for each length considered,
--in one .design for each value of tw/ts. The cholce of a

deslgn depends on arrfving at a sultable conpromise - - -
between hlgh stress and wide stlffener spacing, wlth
posslible conslderation for the dbuckllng stress.

The designs obtained by carryling out the foregoing
procedure for the several valuves of L and tw/ts are

shown as the maximum-efficlency designs in figures 7
to 9 mlong with bar graphs of the average stress at
faillure and the buckling stress.

DTISTUSSION

Flgures 7 to § provide a visugl comparlson of the
designs that result from use of the three methods pre-
serted. The short method of design glves in every case
an average siress st fallure very close to trhat obtained
by designing on the basls of maxinrur structural efficlency;
the bucklling stress, however, 13 in some cases somewhat
lower than tkat [for the maximum-erflciency panel.

Whether the deslign obtuined hy the short method or
the design for maximun efflclienzy 1s selected, the best
deslign for P4 = 5.0 kips per inch, on the b%sis of
stress, 1s obtalned at L = 10 inches wilth ?E = 0.51,

N S .
at L = 20 inchss with — = 0.63, and at L = 30 taches

ts
t
with Eg = 0.79. In figure 6, however, the highest

envelope, which glves the llightest design, is that
tyy
for ;H = 1.00. Thls apparent contradlction results
S
from the fact that 1ln working out the examples a skin
thickness of C.06L inch was specified. In order to
o

reach the curve for g = 1,00 (fig. 6), a study of

table l; shows that the skin thickness would have to

be 0.034 inch at L = 10 inches, 0.041 inch at 20 inches,
and 0,046 inch at 30 inches. Morecver, the stiffener
spacings for deslgns having such small skin thicknesses
are very small. (See table h.) Because of limltatlons
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on skin gages and stiffener spacings, therefore, 1t 1s
frequently not possible to reach the envelope values of
stress and hence tls lowest possible welght.

Flgures 7 to 9 show that the best panel (that with
highest 0p) obtained at each length by the maximum-

efficlency method doss not bueckle until fallure or very
close to fallure. The best panel deslgned by the short
method, although 1t may not have quite so high an average
stress at fallure as the maximum-efflclency panel, also
does not buckle untll very close to fallure. This condl-
tion has been found to hold true over & wide ranges of
design requirements. It 1s therefore evident that over

a wlde ranzge of condlitlons the maintenance of buckle~
free surfaces does not conflict with the achlevement of .
high structural efficilency. The simultansous achlevement
of both these ends by use of 248-T aluminum-alloy panels,
however, aprarently requlres closer stiffener svacings
than those ncow ln common use, For example, the maximnum~
efflciency desizns for P4 = 3.0 kips per inch and

tq = 0.06l; inch have the following spacings for the
tgree lengths:

L bs bs
(in.) tg (in.)
. 10 28.0 1.
20 Lh2.1 2.Z§
30 Lo.o 2.5

CONCLUDING REMARKS

Charts are presented for the minimum-welght design
of 2S-T aluminum-alloy flat compression panels with
longltvdinal Z-sectlon stiffeners. From exemples based
on the use c¢f these charts, 1t 1s concluded that, over a
wide ruange of design conditions, the malntenance of
buckle-free surfaces orn longltudlnally stiffened compres-
sion panels does not ccnflict with the achlevement of
Ligh structural efficliency. The achhievement of the
meximum poseslble structural efflcisncy wilth
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2LiS-T aluninum-alloy panels, however, requires cioser
- 8t1ffener spacings than those now in common use.

Langley Mamorlal Aeronauticsal Laberatory
Natlonal Advisory Committee for Asronautics
Langley Fleld, Va..
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APPENDIX

METHOD OF PREPARATION OF DESIGN CHARTS

P
I-—--- 3 t e
L/ve As stated
in the Introduction, the average stress dewveloped by a
longitudinelly stiffened compresslon panel i1s a diract
measure of the structural erflciency ol the panel, It
is further vrouzat out that a sultesble dealgn parameter
again%t which this averags stressa may be plotted
1

is

Iyﬁ&f
of panel width, L 135 the pansl length or distance
between supvorting ribs, and ¢ 1s tiie coefficlent of
end fixlty =t tiie ribs.

Devélopment of deslgn paramester

wkere P1 i1s the compressive load per inen

Py
L/Ve

The followlng d2rlvetion shows now the pareneter
evolves from. ths usual colwin foimula:

e column formuls may ts writtsn

112-rEG

2
L
PVé)
Nultivlica*icn andc div_sion of the rizht-hand side of
equation (il) by Pi‘ g€lves

2/ P4 \2 '
Op = “ETEcé:%) .TJ/'\@ (a2)

G, = (A1)

Irf the stiffened panel is to have a strength just equal
to that rejuired by the dssign condltions, Pg = £40,
and equation (A2) may thersfcre be written

2 Py \2
n( (L
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or

?_b_
T kA1> L/\/c

which may be wrltten

% 2/3 )2/5
- PEy () s (43)

' The quantity VGQE in egquation (A3) 1is fixed for a
glven materigl, as 1s the relstlonshin between G and T,

Py
L/

1s the deslgn parameter; p/Ay 1s dimensionless and is
determined by the relative rather than the abaolute dimen-

except for negllgible shape effects.

sions of a nanel. A nlot of T, against is therefore

derendent on the ratios of the various pane% &Pﬁensions

and not on the absolute values of tiie dimenslona,
Determinetion of uverage stress at local failure T, ,y.

From equation (AZ), the bast punel of a glven nmaterial

for any value of on the basls of column strength
L/- \/c_
apparently is that panel which has the highest value

of p/A1. Chenges in proportions that result in an
incrsase in p/hi will, however, generally cause a

decrease 1n the local-fallure strength of the panel.
(Local faillure as us2d hereln Ilncludes the phenomenon of
twlsting, which 1s in reality only a form of local fallure
that occurs when the lateral banding stiffness of thes out-
standing stiffener flange is relatlively small.) The
optimum panel for a particular apvplication 1s given by

the compronlise of column and local-failure strengths

that gives the hlghest stress at the glven value

of -——J—

L/Ve
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Te value of the averago strsss at local fallure Gpgx
1s difficult to determine theoretlcally. Certaln test
data are available, however, from reference 1 and from
addlitional tests completed slnce the publicatlion of refer-
ence 1, Those data that were obtained from the shortest
panels of each cross sectlion are summarlzed in flgure 12,
in whizh Gp,, 18 plotted against ty/by for various

values of twy/tg &nd bg/tg. The ratlo by/ty has been
Inverted in thils plct 1n order thst the additionsl

- Cy by
point Opgax = O when Eﬁ =0 E; = @] might be used to

ald in falring curves throuzh the test points. The plots
of figure 12 mgke nhosslihle an Internolation of é;max

batween test pdéints for Intarmediate values of the

ratio by/tw. By piotting valuvos of T,,;, picked from
the curves of figire 12 against tg/og, values of Tp..
were also determined for intermediate values of bg/tg.

All the data shown in figure 12 are for a value

b b
of — = C.l. Test data for T2 = 0.3 and 0.5, how-

r'l
ever, were also employed as a gulde in fairing the curves,
and the crrves willl be shown to bs reasonably accurate for
any value of Ytp/by betwsen 0.3 ard 0.5.

Decermination of stress for local buckling ogp.-
If the =enel daid not buckle lcca.iv be-ore falilure, tne
theorstical results thus far preconted, used 1in conjunc-
tion with values of Op..., would be sufficlent to
Py

L,/
panel. A typical curve for ranels that do not buckle
bofore failure 1s shown in figure 13. TUnless the width-
thickness ratlcs of the varlous piate elemsnts of the
panel are small or the panel 1s relatlvely long, however,
there. will generally e some local buckling before
failure., When thils buckling ta'ies place, the oross-:
sectional moment of inertla of the ranel 1s reduzed by
the prosence of ineffecltlive arees; the origlnal curve

of colurn strength thexefore no longer applies and the
point a: which b -2kllng takes place must be connscted
with the linn for lcocal fgllure by mrans of 4 reduced
curve. & tynlcal curveo, adjusted for the effects of
locel buckling, is shown in figure 1.

construct a design curve cf Gf ageinst for any
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,The foregoing discusslon shows that it 1s necessary
to know the stress at which buckling takes place. Data
on buckling strésses from referénce 1 plus additional
data now avallable are therefore plotted in figure 15

b
for e 0.L. Because the measured value ‘of b/t for

the element (skin or stiffener web) that first showed
buckling in a test panel was never I1ln -exact agreement
with the specifled nominal value, the observed buckling
stresses from reference 1 were corrected for use in
flgure 15 according to the following formula:

(b}z .
T megsured

(ccr)correctéd observed

| (b)
. 3 nominal

where +*he value of b/t 1s that for the web of the
stiffener or for the skin between stiffeners, depending
on which of these elements first gave evidence of
buckling. This correction formula 1s based on the fact
thet, other factors being equal, the critical stress 1s
inversely proportional to the square of ths wildth-
thickness ratlo. No account 1s taken hereiln of the fact
that this relationship 1s not entirely true for stresses
beyond the elastic . range; 1t 1s assuned that neglecting
this fact will have no slignificant effect because the
total correction 1s relatively small, .

= (0—-:-)

The method used in falring curves through the test
- polints in filgure 15 1is as follows:

For the horizontal portions of the curves on the
right-hand side of flgure 15, the skin 1s primarily
responsible for the buckling; the ordinates for the
curves 1In this reglon are determlined by drawlng average
lines through the test points. As the value of ty/by

i1s reduced, however, the responsibllity for the buckling
shifts to the stiffeners and there 1s a reduction 1In . ggpe.

Tn the sbsence -of adequate- test data for low values
of ty/bw, certaln theoretical considerations are used

for determining the-values of 0, 1n'thls region.
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It 1s possible to describe certain limiting cond -
tions that determine curves between whlch the correct
curves must lle. .As- the value of ty/by approaches zero,

with all other dimension ratios held constant, the skin
tends to become Infinitely stiff by comparison with the
atiffener and the stiffener approachss a condltion of
complete flxity at the edge where 1t is attached to the
skin. "This condition of complete fixity represents the
upper limlt of buckling stress. Ths velue of k, "  the
coefficilent iIn the formula for local-buckling stress
(reference l), when applied to the stiffener web may be
taken for thils condition as the geometrlic mean of the
value of k for the web of a Z-sectlon column

0.l (about 3.77, see reference l) and the

F

with —
by

value of k for a flat plate fixed at both edges
(sbout 6.98, see reference 5). This valus of k

is -A.77 x 6.98, or 5.13. The upper dashed curve in
figure 15 gives O,p Jor k = 5.13. The use of the

geometric mean of values of % to obtain the critical
stress for a plate with different restraints along the
two unloaded edges 1s dlscussed and justifled rfor preac-
tical use in reference 5.

by bg - .

Vhen -— = —, 1t 1s a reasonable and probably

tw ts )
conservative assumption to conslder the stiffener hinged
at the edge where 1tv is attached to the skin. This
hinged cnudlition reopresents the lower limit of buckling
stress. The value of k for the webh of the stiffener
may be taken for this cohditlon as the geometric mean
of 3.77 for the simple Z-section and the value for a
flat plate hinged at both edges (L,.00, see reference 5)

or k =15.77 x L.00 = 3.88. The lower dashed curve in

figure 15 gives '0,, for k= 3,38, In the preparation

of the -two dashed curved, the effect of reducticn 1n the
modulus of elastliclty for stressea beyond the elastic
range was determined from figure 8 of reference 6.

Tns solid curve on the left-hand side of figure 15
is drawn in to glve a gradual transition from the lower

- bw  be o
dashed ‘curve in the rezlcn where ;E = ;3 toward the
' W S

unper dashed curve as tw/by approaches zero. In the
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) W S
re ion where _—= the curves ars f'aired Into the
g .ty T Ts.

horizontal lines. drawn - bhrough ‘the test points. A si le
curve was considered sufficient for all values of tw. ts

for the lsft-hand portion .of figure. 15, because the few
test polnts that were avallable in this region indicated
that the' Indivlidusal. curves would be so close together as
to be almost indistinguishable. e Y

The curves of figure 15, 1like' those -of figure 12,
were cross-plotted td glve buckling stresses for the
intermediate -values of bg/tg that aprear.-in figures 2
to 5. :

Dreparation of final al curves.- The procedure used 1n
the preraration of the final curves of figures 2 to 5 1s
11lustrated in figure 16. An outline of this procedure
1s a3 follows: .

(1) Draw.curve for column strength corresponding
to the value of p/Ay for the panel cross section. For
the curves of this report, the column curve for
S-T aluminum alloy was obtelined from _equations (%)
and (6) and Eable I, &1l of reference 7.

(2) Plot the values of stress for local buckling
and for local fallure of panel obtalned from the cross
plots of the curves 1n figures 12 and 15.

(%) Plot avullable test data and falr curves
between buckling stress and local-fallure stress, This
falring was done first for those curves for whlich test
data wers avallable; the remaining curves were then
falred 1n a manner conslstent with the curves already
established,

In a Pew cases (low bg/tg with high by/ty) the

test data indlicated that the curves did not follow the
smooth transitlio: between column snd local fallure incdi-
cated by figure 16. Instead the curves tended to bend
over sharply, in some casss ewvsn below the buckling
stress glven by figure 15, and to follow very nearly a
strailght 1line up to the average stress for local fallure.
No explanation 1s offered Ior this phenomenon; the
avallable test data were usec aa the socle gulde for
falring the curves 1n these cases.
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Correlation between design curwves and teat data.-
The test data of reference 1 as well as the additlonal
data made avallable since the publicatlion of reference 1

are plotted agalnst the parameter 15 figures 17
L/\C

to 20. Appropriate curves taken from flgures 2 to 5 are
also drgwn In these figures and good agreemgnt between the

final deslgn curves and the test data for ;& = 0.4,

exlists throughout the range of the data. In order to
make 1t possible, 1f desired, to check the correlation on

b

a larger-scale plct, the test data for 3% = 0.3, th
and 0.5 are given In table 7 In a form sultable for
plotting directly on the deslgn charts (figs. .2 to 5).
Teble 7 and figures 17 to 20 also make 1t possible to
determine in which raglona the design charts are . sub-
stantlated by test data and in which regions they were
obtalned by interpolation or extrapolation.

Figures 17 to 20 indicate that there would be 1little

R

difference in the curves for - ='0.3, 0.4, and 0.5 but
by

that the curwves for Sﬁ = 0.2 and probably 0.7

bn
would be lower than those for B% = 0.;. The most
efficient use of material will therefore be realized 1if
e valus of bp/bw between 0.3 and 0.5 1s used. It 1s

for thls range that the deslgn charts are lntended to
be used, although they are based on the specific data

by
for — = 0.4.
o= ok



NACA ARR No. LS5F15 25

REFERENCES

Rossman, Carl A., Bartone, ILeonard M., and Dobrowski,
Charles V.: Compresslive Strength of Flat Panels
wiﬁﬁ Z-Section Stiffenera. NACA ARR No. l4B03,
194k, : '

Zahorski, Adem: Effects of Material Distribution .on
Strength of Fenels. Jour. Aero. Scl,.,, vol. 11,

no., 3, July 194}, pp. 247-253.

Dow, Norris F., and Elckman, Willllam A.: Prelimlnary
Investigation of the Relation of the Compressive
Strength of Sheet-Stiffener Panels to the Dismeter
of Rlvet Used for Attaching Stiffeners. to Sheet.
NACA RB No. L4T13, 19Lk.

Kroll, . D., Fisiher, Goirdon P., and Halmerl, George- J.:
Charts for Calculetion of "the~Critical Stress.for
Local Instabllity of Columns wlith I-, Z-, Channel,
an?}Rectangular—Tube Section. NACA-AHR-No.. 3K0l,
1945,

Iundgulst, Eugrene H., and Stowell, Elbridge Z.:
Critical Cor nresalve Stress for Flat Rectaugular:
Plates Supported alang. 411 Edges asnd Klastically
HKestrulned .egalnst Rotation slong.tho TUnloaded
Edges. WNACA Rsp. No. 733, 1G.2.

Helmerl, George J., and Kcy, J. Albert: Praliminary
Report on Mests of 2l 8-T_Alumlnum~Alloy Columns of
2~, Chonael,. and H-~Sectlon That Develop.Local
Instabillty, HACA RB No. 3J27, 1943.

Termplin, R. L., Sturm, R. G., Hartmani, 7. C.,..and
Holt, M.: Ceolumm.Strenzth-of Various-Aluminum
Alloys. . Tech, Papar No. 1, Alumlnunr has. Lab,
Aluwinum.Co. of Am., 1938, '




=
TABLE 1 Q
bp >
VALUES OF Ay/tg FOR FLAT PANELS WITH Z-SECTION STIFFENERS. By = 03
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tg bg/tg tg S
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3 !
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% z 0,3 « Goneluded
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-€§ = 1,00
25 |2 (27 |28 |29 | % |32 |3 [3% ;38 Lo [42 {4 | L6 | LB |50
2.145512.506|2.559]2.611[2.663 z.z15 2.267 2.871 2.375 2,079 2.183{3.287|3.291{3.495} 3.599 | 3.70%| 5.807
2.399|2.L4912.499 2-3&9 2.59912. lé 2.99912.799| 2. 93 249991 3.0991 3.199 5.23 34399 3. gz 2.599[3.699
2.347]2.395] 2.4 3]2.491 2.2 0]2.588|2.636(2,732| 2.82 2.32 %,021)3.117|3.210 (2. 310(3.406(3.502 5.532
2,29912.245 z.gzﬁ 2.&58 2.485 2.351 2457712.670] 2.76312.85% 2.3%9 3.042!%,125|3,2271%,320{3.13 3.32
2.2 2.292 2. 2,389 2.u82 2.478 2.&23 2,613 2,Z02 2.792]2.8062{2.971}|3.061]3.151 3.220 %,220{%,[20
2.0 2,212(2.256{2.299]2.3,2| 2.386|2.429| 2.172|2.555| 2. 646 {2,732 2.819| 2.906|2.992] 3.079] 3.166 | 3,252 3.339
2.00 2,173{2.215]2.25 2.298 2.341|2.38%{2.425)2.50912.592!2.676] 2.760 2.8%% 2.92813.012)3.096] 3.180( 3,263
1.97Z 2.132 2.17712.21812.25 2.229 2.3,0|2.380§2.461]2. Z 2.62) 2.Zo 2.786(2. 2.3&9 2.030{3.111]3.19
1.9 2.10212 2.18112.220{2.260 2.222 2.258 2.h1Z 2.39 2.5zg 2.65 2.232 2.81112.890}2.969} 3.048] 3,12
1.917 2.070]2.078|2.246 (2,184 [ 2.223]2.261] 2. 29 2.3T6{ 25521 2. 2.605) 2.681}2.758 2.83% 2.911] 2.987] 2.06L
1.890 2.039}2.076{2.113)2.150{2.188| 2, 225| 2, 2h2 2. 336 2.,20{ 2.485] 2. 559] 2.633[ 2. 708) 2.782) 2. 856 | 2.930] 3, 005
1.866 2,010l2. 2.082{2.11912.155|2.191]2.22712.299| 2. 371 | 2. 2.516| 2.588| 2.660] 2.732] 2.805] 2.877| 2.
1.8&2 1.983'2.8&8 2.0%3/2.08 2.12 2.133 2.194 2.223 z.ggh 2.ﬁh§ 2. 72 2.gu 2.615 2.236 2.75 2.832 2.3“2
1.820(1 1.953 i'922 i.gas 2.052 g.oz 2.12 §°1 2 §°i51 g.gzz 2.32 5.&3 2.325 2.575 g.éhl 2.222 g.77g 5.797
1. 1. . . . .06612.0 . . . . . 2. . . 2. . .
.1.3?3 8L, 1.339 1.gh2 1.9% 2.00712.0%9 2.032 2.13& 2.1 8 2.23 2.333 2.; 2.429 2.233 2.233 2.624 2.239 2.7
1. 8 . 1.86611.89711. 1. 1.990]2.02212.052 2. 11 {2.175]2.237] 2.29%| 2. 361 | 2. 2.485( 2. 2,609 2,671
1.%35 72% 1.997(1.826 1.89 1.352 1.9§§ 1.3& 1.974 2.88& 2.0%% 2.132 2.131 2.240 2.269 5.%?3 Z.ﬁli 2. %; 2. 2.5;5
1.678 T3411.762{1.79111.819 1.8&1 1.875 1.32% 1.352 1.96012.017] 2,073(2.130| 2.186| 2. 243} 2.299| 2. 356| 2.4 12} 2. 3 2.525
1,649 zo; 1.73111.75811.765]|1.812{1.839|1. 1.893 1.320 %.974{2.028(2.083| 2.137] 2.191| 2. 25 2.259] 2. 253} 2.408{ 2.,62
1.623 7511.701]1.727{1.753{1.779[1.805(1.832/1.857{1.88311.935/1.987{2.03%{ 2.091| 2. 143] 2. 195 | 2.2k7{2. 289 2. 351 | 2,403
1. 64911.67411.69911. 1L.74911. 1. 1.82411.8491.899{1.94911.999] 2. 049} 2.099{ 2. 49| 2.199{ 2. 249 2.299{ 2. 349
1.333 6%2 1.6 1.63% 1.23% 1.% 2 1.%1 1.;33 1.794 1.813 1. 2 1.%1& 1.362 2,011 a.osg 2.10? 2.155)2.203]2.251{2.299
123} R b e e B A P A R R b A e B R R R A B B ERv ER T E
1, 2{1.605{1. . 6721, . . . . . . . . . . . . .
1.223 265 1.58& 1.602 1.623 1.649 1.631 1.Z95 1.713 1.736 1.779]1.823 1.826 1.909]1.953(1.996}2.0L40]2,083|2.126|2.170
1. 19(1. 1, 1. 1. 1.619(1.639{1.659]1.67911.71911.760{1.800{1.840{1.880{1.920({1.960{2.000|2.040(2.080
1.&&% ﬁeg 1.532 1.538 1.2} 1. %i 1.57? 1.532 1.622 1.672 1.263 1.%03 1.Zu2 1.780]1.817 1.35& 1.891 1.328 1.3?5 2,002
1.1 450 1.368 1.285 1.502/1.520(1.53711.554|1.572{1.589 |1.624{1.658{1.693]|1.728/1.762]|1.797|1.832|1.B866]1.901[1.926
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TABLE 2 (3?)
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VALUES OF Ag/ts FOR FLAT PANELS WITH 2-SECTION STIFPENERS. e 3 0.k.
by bp) b x <1'A rp ) %
o, BER) R CHRE) o .
ts bg/tg ts z
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;'; = 0.51 g
5]
’_l
(9]
21 | 22 ) 235 | 24 | 25 | @6 | 27 | 28 | 29 | 30| 32 | 34 ; 36 | 3B | Ko ke | Wi | W6 ([ 4B | 50
1.38911.403} 1.418][1. LUh7(1.h62(1.076{1.h91 1. 1.520|1. 1.578(2.607(1.636]1.665]1.695|1. 1. 1. 1.811
1.3 E 1.583 1.ho2 111396' 1.!;33 1.1'1;1; 1.1&78 1.h'972 13802 1.500 1.215 1.2'5?6 1.5&Z 1.622 1.6!;% 1.6 1.23% 1.? 1.% 1,780
1.360{1.373! 1.387(1.h00| 1.0 1. k27 (1. 1.4k [1.46811.48111.508 1.5;2 1,562 1.523 1.616(1. 1.670/1. 1.3% 1,751
R Et R A R A R ] Eae e T ML W B B AT oo R R A e ot i'éﬁg AW
Ry Bt ey A b b e r ER i oSt e ER e A Ewi S ERC T A Es B L 2R |18 e 16 1,67
1.313[1.325|1.337{1.349 |1.360{2.372| 1,38 {1.396[1.407}1 1.443(1.466)1.490}1.513] 1.537[1.560]1.584]2.607| 2.631] 2.654
1.2 1.%12 1%2 12% 1.349]1.361 1.322 1.383 1.39501. o% 1429 1.11152 1'&%& 1. ; 1.?33 1.?.1;3 1%21‘ 1.583 1,6111 1,63
1.232 1.306/1.317{1.328]1.339]11.350(|1.361 1.322 1.383 1.5312; 3.416]1.438]1.h60(1 1.50411.526 1.5!;3 1.570] 1-592 1. 1’3
1.2 1.zgg 1.307/1.318(1.329]1.339 1.3zo 1,361 1.522 1.382{1 1.425{1.40611.568] 1489 (1,521 1.532] 1,550} 1575159
1.278}1.288(1.298]1.309}1.319[1.330|1.300{1.350{1.361 2. 372]1.392| 1. 413 | 1. 43 [1.455| 147513 .h96{1.527|21.538] 1.559] 1579
1.270]1.280| 1.290]1.300{2.310{1.321]1.331}1.243{1.351]1.362]1.381 | 1.;01 |1.h22 | 1.2 1.462 {1 1182 |1.503| 1,523 1+543] 1.563
1.263]|1.272{1.282 1.3 2 1.%02 1.312 1.532 1.313% 1.321 1.2 1 1.; 1 1.% 1 1.11:?.0 1.!%% 1_.!&50 1.‘11‘;69 1, 3 1.503 1-523 1,5“3
611.256|1.265 1.223 1.285 1.23k 1.300{1,31211,323{1.332|1.302]1.361]1.380|1.399 1.1;103 1.43811.057] 1,076 1,495 1.51L 1534
1.20i911.259]1.268{1.277|1.287 1.23 1.305{1.31501.32L4{1.333]1.35211.372 1.339 1.k 1.1;2Z 114511, Zh 1.1483) 1.50111.520
L{1.243]1,252|1,261]1.270{1.279{2.288]1.298{1.507]1.516{1.525(1.33]1.361{1.280|1.298}1.416|1.k30|1.h52[1.471}2 1.507
1.231]1.240[ 1,249 {1.257]1.266]1.275|1.285{1.292[1.301|1.309{1.327| .30k |1.361|1.379| 1.306 1415 |1 L32[ 1.408] 1.465]2.4B3
1.221 1.2159 1.2%?7 1.2)32 1.25h11.2 3 1271 1.2%9 1.287 1302 1212 1%%’5 1.21;5 1.% .1.%%2 1.%9% 1.“1 1.!%8 1.LLG 1 1061
1.211{1.219{1.227(|2.235(1.203[1.251 1.223 1.2 Z 1.225 1.285% 1.238 1.31,11.330{1.3L6]1.562|1.577(1.393( 109 | 1.425] 1.4
1.202]1.210{1.2181.22 1.223 1.2L0|1.2 1.23 1.26%(1,2711.286(1.301[1.316{1.331}1.3L7{1.362]|1.37711.392 | 1.407| 1.L22
1.19411.202|1.209 }1.216{1.22{1.231 |1.238]1.205]|1.253|1.260(1.27 | 1.289 |1.304 }1.318|1.535|1.547[1.362]1.576 | 1.391]1.,06
1.187 1.131; 1,20111.20811.21511.222]1.22911.236]1.2}4 1.220 1.26411.278 1.232 1.30611.320{1.33411.348| 1.362 1.323 1.390
1.180§1.187/1.193]1.200]1.207|1.21}1{1.220]1.227 1.255 1.2[1141. 1.268]1.281(1.295{1.3081.322)1.235|1.349 (1.3 1.5z6
1.1zlé, 1,180{1.187(1.193{1.200{1.206{1.215]1.219|1.226|1.232|1.2};5]1.258]1.271 1.23.&~ 1.297(1.510{1.325{1.336| 1.349]1.362
1.1 1.12% 1.180{1.186 1.133 1.1991.20511.212{1.218{1.22,,{1.237|1.2[19{1.2 1.2?, 1.287/1.299(1.%12 1.52), 1-.552 1,250
1.162)1.168]1.174{1.180{1.186{1.192 ;1,198]1.20} |3.211{1.217|1.229 1[1.255(1.26%|1.277{1.289(1.302{1.51]; | 1.326|1.338
1,150/1,155{1.16111.166{1.172(1.178{1.185{1.189 {1.194{1.200{1.211|1.222]1.23} [1. 1.256]1.267/1.278]1.290{ 1.301)| 1.312
1.1%9 1.133 1.149 1.1 1.12% 1.153 1.17(3) 1.1 2 1.1316L 1.186{1.196{1.206 1.2% 13%% 1.228 21;3 1.278 1.2%9 1.229 1.390
1,130{1.134]1.12911. 1.149]1.154/1.159]1.2651.168{1.273{1.183}1.195]1.202 }1.212[1,222 |1.232|1.21[{1.251 | 1.261}1.270
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TABLE 3
VALUES OF M/‘S FOR FLAT PANELS WITH 2~3ECTION STIFFENERS. /% = 0,5.
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TABLE 4
VALUES AND COMPUTATIONS FOR OBTAINING IDEAL DESIGN
[P1 = 3.0 kips/in.; ¢ = ]:|

*ON ddV VDVN

(o

Step 1 Step 2 Step 3 | Step L Step 5 S

Py | v

L LAe W | b | | 5| M t b _
(EEREZ!E_D tg ts ty tg ° b ° ibw

(in.) in, (ksi) (in.) (in.) (in.) {in.)
10 0.30 0. 21 2 26 |ez,.,0(1.427 |[20.0618 | 20,0315 81,67 ap,82
2 2 25,6 | 1.602 .0526 .0331 1.4 - .83
29 2 36.711.860 0L 0 .03,8 1.2 .83
1. oo 29 2 | 37.4 ] 2.337 0243 | L0343 1.00 | .8
20 .15 .51 32 32 28.71 1.429 . 0732 .o;gs 2.3 | 1.19
.63 3 21 a30.% 1.612 8,0612 &,0386 2,02 | 21.20
.79 3 2 31,6 | 1.862 .0510 . 04.0% 1.7 ©1.17
1.00 35 2 22,2 | 2.268 011 L0411 1.ha S 1.15
0 .10 51 | 34 27 | 25.0{1.457 .082)y .02 2.80 1.56
? .63 25 25 |1827.1 11, go &,0675 &, 0425 2.36 a1.,9
T 3 23 27.811.886 Za 0452 2.12 1.49
1.00 z 2] 28.6 | 2.278 . Z IS 1.7% | 143

‘8yalues indicating desligns that approach requirement of ts = 0,06l in.

NATIONAL ADVISORY
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NACA ARR No. L5F15
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TABIE 5
VALUES AND COMPUTATIONS FOR OBTATNING PRACTICAL DESIGN BY SHORT METHOD
[pi = 3,0 kipa/in.; L =20 in.,; & =1} tg = 0,06} in.! -:—; = 0.79]
Step 1 Step 2 step 3(Step L Step 5 Step 6 Step 7
P1 bg (by | Of
21
I ] L Ay t 7Y (ks1){ A1 b %
(kigs\[i n.) ity | of tg 8 . s % tg | kips/in. o s b or
1in. (ks1) (in.) [For tg = 0.08 in, {in.) [(1in.) {(1a.) |(ks1)
0.1 0130 | 30.9] 2.006)0.0484}43.3126.1) 28.8 [1.61 2.98 0.051} 2, 1. 23,
5 35 go 31'?7 1:865 100 3 9 9 5 7 33| 235
b},o 281 29.7} 1.711| .0590
50|26 | 27.1| 1.534| 0722
TABLE 6
VALUES AND COMPUTATIONS FOR OBTAINING DESIGN POR MAXIMUM STRUCTURAL EFFICIENCY
E’i = 3.0 kips/in.; L =20 in.; ¢ =1; tg = 0.08} in.; % = 0.79]
Step 1 Step 2 Step 3|step L Step 7 Step 8 step 9
Py Ef
- P
VAR fowles e | AL | kg | Bs e huanl AL Tt s ity | %
(kipa/in.) | ts ts tg |ty ts | xips/in.
in. (ks1) (in.)For tg =0.084 in {(in.}} (in.)|(in.) ]| (ks1)
0.15 20l25 ) 26.| 1.858(0.,0612[42.1 |25.0]29.0 1.612| 2.99 0.051 2.69 {1.27 {2L.6
301 27.1] 1.715 .06%2
s|27.3] 1.613} .06
ola27. 1.536] .0702
25130} 29.9] 1.861) .0549
51 30.2 1.238 .0572
0l29.5} 1.6L5]| .0618
50l 27.11 1.516{ .0730
30{35 | 31.7] 1.862 .0508
0 29.2 ZSE 0578
50 | 26.9} 1.60 0696
60 {2L4.5] 1,503 | .08l
Loi35 | 26,2 2,112} .05
0!25.8( 1.973| .0589
50| 22,8 1,778 .0709
60 122.61 1.649 | .0805
50{35 | 23.2| 2.362 .osg%
0l23.4{ 2,192 .05
5o |22.3( 1.953{ .068
60 120.7{ 1.794L | .0812

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS




TABLK 7 f =
TEST DATA OF WHICH DESIGN CHARTS ARE BASED FOR 24S-T ALUMINUM-ALLOY FLAT PANELS WITH LONOITUDINAL Z-SECTION STIFPENERS . c:x;
g 0.51 >
ts ¢
;/Ff,_ LP; h By %
bF | & ° s | | % | F v bs | bw | b | 3 i by |y | ve [ 3 [ TAR
by kips/n . ! & | o t kips/in, ol = z 1pe/in, T : T |/xipefin, 3
W {kal) (k in. ) s tu b (kel) ( in. ) ts e o (ksi) (L%—> ts !; q (ksi) | . 2 ?
0. 37.0 0.646 35 25 | 0.5 52, 0.486 50 | 25 | o 25,9 0.31 ™ 2 0.3 21,01 0.378
33,7 3 3 " 51.3 270 za.o 217 ? 18.6 .{'9,1 5:
iz.z .18 27.0 .163 22,2 . 16.5 | A 'z
.8 .082 U4 062 13.6 061 13.7 .069 b
L 36, 550 30 3 31,4 427 o5 26.5 403 4 | 21.0 360
;5.3 298 20.7 .235 zh.g 217 19.4 .182
26.0 .129 zz.o . 22, .1%0 175 .12
15.6 .086 16.8 . 15.9 .069 12,2 ,059
33.8 4 30.7 .391 30 3 .2?2.6 «355 .5 20, 532
31.3 227 Z:.o .227 3 192 19, N1
26.0 2131 T . 22.6 123 17, J15
15.4 056 17.4 .0 15.7 061 12,8 061
29.3 «295 S5 3.1 232 A | 25.01 .32 30 3t 3 2
23,9 2137 20,3 . 2%.8 17 18. «15
22, .ao 27.5 .138 22.6 11 16. <09
16. . 17.% . 164 . 13, .055
25,9 W222 ho & | 26, .252 5 25, 321 4§ 19.1 268
20,5 .101 25.2 1?.2 zﬁﬁ .11% 1_3.8 156
17.7 061 22,6 .21 23,0 +11 17.7 .098
16.L 09 16.8 Johé 16.5 +059 13.4 053
1, . 0 . 23, .18 0 . 23, »21 R 20,6 .2
| o RE 1 el lg2 @ b
52.6 211 20.8 .06 20.2 .078 17.0 .
9 .088 16.0 02 15.7 . 12.2 09
31,2 611 0| 20 S | 26,2 577 0 4 | 21,3 159 Lo 4 1 19.2 .186
31.2 347 > 2.0 .goo ’ 19.1 .030 19.3 . .100
25.8 .202 21.9 193 18.0 05l 16, .065
15.2 .08 15.0 092 15, 037 12.8 035
31.4 587 4o 2647 557 s | 20 3 | 22.k 591 50 A | 17.0 +129
30, .325 25.1 297 8. 252 16.2 .070
‘zs.ﬁ 202 2i.2 .g’; 16.5 %38 %9 . 11
13.4 .073 1.6 . 12.2 . 11.%7 025
32, 533 5 26.3 .531 A 20, 471
Byl 2ol i) s
16.8 078 15.0 gt 12,0 2073
0. . 2 . 25,2 Ai30 . 21.2 .
03 4% I B+ | fak 12;25% WATIOMAL ADVISORY
26. '129 20.8 .u%o 7.2 . COMMITTEE FOR AERONAUTICS
15.& 060 15.2 070 13,3 .

82



TABLE 7
TEST DATA » Continued

62

.
Tg ° 0.63
% 7 - 7
vp | © bs | bw | ¢ | T | 3 bg | by | bp | G L//e bg | vw | ® = e
T 1pa/in. wlel o ity *1pe/in, Ll el t kip éi . = | X E °t
* (k1) (k in. ) s | ™ (ksl) ( in, ) sl v (ksi) ( i .n b | W | By (ko) - .nfn.)
0. 28, 0.626 35 25 | 0.5 32.5 0.2 0| 2 oy | 28.0 0.32 2 0. 22, 0.281
B " i T R I B R
. v . . . . . .0
1.3 +085 174 .088 13,8 m 12,1 . 75

& 18, 517 30 .3 30.7 3 . 28.0 .3 o 22, o

Zﬁ'é .igg gg.g 'iég ’ gg.g .igg o 1 :é .i?%
. . . . . . 1 0
1h.2 05l 17.9 .055 17.2 .oig 11.3 ,ogg

Ao ] 3603 20 A | 30.7 329 30 | .3 | 26.0 279 . 22, .
30.9 199 3.4 193 9 . > zo.;{ 22‘{
22.6 2113 28.1 2121 22, .097 18.1 097
16.6 .055 18.5 057 16. 049 13.8 .053

N I 275 -5 30 .31 4 | 25.8 266 30 3 | 20.6 226
il ol 2kl b g3l el o
15. 2 0 . 16.2 A 15.8 .

. 25.2 »210 . 27.8 2 . 26.2 261 . 21.2 .

h 22.1 +104 o 4 zg.g .1; > 24.0 A b zi.o .i%g
18.7 .061 23, .080 22.3 . 18.8 079
............... 16.9 . 17.1 <09 U 02

. 2.0 516 0 . "0 W1 0 . 23.8 .18 . 21,0 .20

> 22.8 go)é > b 21{.9 .0l 5 4 o 22.& +10 > 20,2 .IZI
25.2 .16 19.2 .0 210 067 18.0 .075
15. o 1 | ee=-- comummanan 17.4 .0l40 ] 040

b 335 .52 so | 20 3 | 28.2 59 50 b | 21, A4 Lo A | 18.6 . 038
5%.0 30 25.0 .2 19. 071 18.2 .081
2 .a .1 21.8 . 17.9 N 1T 17. .053%
15, .069 15.1 .071 16.9 037 13. 029

. . .506 A 28, . 20 . 22,0 381 0 17, .10

* Bl & =:INE I I I 1N B B R I 1

. . . . . . 0 «0
17.7 .075 %.5 .065 13.0 065 13,1 023

. .1 J130 . 217. 1o . 22. .

B s S ol o ) B
4.7 J27 . 22.9 137 17.2 113
AT .05% 16.3 .069 12.5 * ,059

- S8 m | B B

. . . . . . NATIONAL ADVISORY
26.1 .130 20.6 . 16. Sh1H COMMITTEE F
15.1 .055 13.5 .gﬁ% 15.3 .08l R AERONAUTICS
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"TABLE 7
TEST DATA - Continued

Yy

— =0,

Py Py n
bs | by | b | G LA b3 | bw | bp Gy LA b s | by [ b | 3 LA
= - = 1ps/in, - = = kips/in, T 1 kips/in,
ts tw by (ks1) 0‘ in. ) ts *n R (ksi) ( in. ) s K & (ks1) (—"-Eé‘—)

20 | o, . 0470 0 20 | o. 28, 0.36 20 | 0. 22, .
35 3 :’§§ %;g 5 3 ggg % 2§ i) 3 il ,1?{ 0325
16.5 :3’23 16.2 061 e '35
o 35. vl-l- -l-|> 29-6 o3 o . ‘o3)
b 35.2 .llg 272 .igl‘st b g‘gg ,§°6
8 o3 164 1059 1.2 L052
o5 3.8 A9 5 29.7 365 S5 2.2 298
27| 520 % Bi|om
1712 :3%5 160 .082 133 :3’2
2 . .0 . 2 . 28. .2 2 . .
> 4 ;%.6 .%:olzg > ? 28.1% .:11%3 > > i‘.;..z 52??
28.2 . o .100 . .
17.6 .056 %.9 09 13, i.olZo
.2 . . 29.2 2 . . 236
b ??; 2& b 2?/.8' .1; b gg,t ?.125
25.3 .123 23.3 23 19. 075
171 .052 i 17.0 . 13, -.037
l B
0 2 . . 28. . . 25-6 e
> | B 3 > | & 1 o B | 22
2%.5 102 iﬁ'g -.083
17.7 «056 17.2 «053 2 sealyd _
30 3 33.8 ._5%0 20 .3 27.8 +250 © 30 3 22.9 14199
32,0 .18 26.6 137 22,3 .109
28.5 .110 23,6 . 19.2 +066
18.86 .052 17.6 LOlly A .035
N 12,5 2313 Wy 27.6 .238 4 23.6 .198
231.7 73 26.8 .13 21,6 .102
28.2 .103 22.6 .079 19,7 067
17.5 . 17.2 043 «Q .03%
. 1.2 302 . 26. 2 o5 22,5 .182
’ gg.a .;62 > gs.g (1)2;12: ig.q .g%g
26, 101 . . . e
17.2 046 12;' .040 1. 037

NATIONAT, ADVISORY .
COMMITTEE FOR AERONAUTICS -
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TABLE 7
TEST DATA - Concluded
tw _
t—s- = 1,00,
e Py

by 5 LAVE by | bw | b | 5 L/Ve bs | bw | b ¢

o %1ps/in, W= W .y kips/in, te Ty e ‘kips/in.

tw (ks1) (Bete) % | & | & (ks1) (_zié“') o R B Y (krplind
36.3 0.430 50 20 0.3 30,2 0.320 by 20 0.3 2l.0
22, .215 27.8 .1 23,2
26.8 12% 23,2 .09 18.3
17.6 .059 18.5 .051 .6
26,7 418 o 21,6 ,322 o4 25.3
33,7 .222 29,1 '16Z 23,
27.% .122 2@.1 .gz 20,1
17.5 057 16.7 048 .3
36,1 L . 2.0 .326 .5 26.1
5%.1 223 ) > 28.2 .26& 2h.7
28.0 130 23,2 .092 20.2
17.2 057 16.5 9 4.8
33,5 333 25 .3 29.6 .260 25 .3 2.2
21.7 .180 27.1 .13k 22.h
25.3 .108 2L.3 . 20.7
18.1 .052 17.2 02 .7
35. 3hT 31.0 262 2518
3?.3 A7 b 27.7 .138 h 22.1
28.7 112 2%.5 .083 21.1
16.L o7 18.0 06 Us.3
35.3 358 S5 30.8 270 .5 25.5
23| 230 22
288 :ohg 17.5 . .3
33,1 .290 30 3 28.2 213 30 .3 23.9
29.% .1%3 25.9 2112 21.6
23, N 2%.3 .070 %3.6
15,0 037 16.8 .037 .5
33,3 .291 A 29.0 .218 4 2h.2
331.6 .163 27.3 .120 22.8
23,8 .08 21. .06 20.8
15.1 .03 16.6 .03 L.8
2. .300 28.1 216 .5 2.0
%o.I .260 > 26.3 2117 22,0
26,0 +095 22.7 .070 20.2
13.5 .0%6 16.1 056 . .

NATIONAL ADVISORY
COMMITTEE F(R AERONAUTICS

¥

*ON WV VOVN

GTHST



NACA ARR No. L5F15 : Fig. 1
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Figure I. - Symbols for panel dimensions.
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/I/ /// /L/ ] for 24S-T aluminum-
11 iify Jil ] alloy flat panels with
i I[I[/ I/ // I[// Z-section stiffeners;
il I/ i / tw/ts=0630b,/tw-109;
N - rA/tw ‘3,' I"F/tw'4 ;and
] | ] | Stress for local buckling be/bw =03 1o 05)
] [ I
— b
[ g =25 30 35 40
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ksi

O¢ ,

bw
20 ‘w
- 25 L LL 20
P 30 e 25 i Jr 20
7 4:/// /j: 30 Zod 25 ] 20
WAV, A7 L L4130 mp=s 25
/? y). 7 // YA 30
/ 74 /]
7 1 //
'y / A/
A/ A / 40 P
/ ] A7V a0 7Y 7 40
177 a0 / y’ 171/
/8% L7 7 o) B
iv.d 224 J A ¢l L1
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7 / o T ag 1150
/ i / A :
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Fig. 15 NACA ARR No. L5F15
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Fig. 17 ] NACA ARR No. L5F15
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Fig. 19 NACA ARR No. L5F15
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